The biological soil crusts (biocrust) play a fundamental role in the arid and semiarid areas of 19 South America. However, little attention has been paid to the distribution and coverage of them. In 20 Argentina, studies about biocrust are still scarce. The goal of this contribution is to analyze the 21 coverage of the biocrust and each of the functional component along a gradient of aridity in the center-22 west of Argentina. The gradient included three differentiated sites: semiarid, arid, and hyperarid sites. 23 The coverage was recorded using the Point-quadrat method on 30 transects through a gradient 24 consisting of three sites: semiarid, arid, and hyper-arid sites. The arid site was the system with the 25 highest coverage of biocrust followed by the hyper-arid site. The semiarid site had the lowest values 26 of coverage and showed significant differences among the three systems were found. Cyanobacteria's 27 dominate in the hyper-arid site. On the other hand, cyanobacteria and lichens were dominant in the 28 arid site. The coverage of studied organisms showed variations in the semiarid site. These results 29 support the idea that the coverage has a strong relationship with the features of the studied ecosystem 30 and the environmental factors both at a mesoscale and a microscale in a determined community. 31 
51 made on grazing disturbances (18, 29) . 52 The increasing levels of disturbance in the ecosystems, the rate of disappearance of habitats, 53 and the climate change threaten the persistence of the biocrust and make the collection of data about 54 coverage essential. The biocrust are widely spread in the Monte phytogeographic province and play 55 an essential role at the ecosystem level. 56 In this region, semiarid, arid and hyper-arid systems are located. In the latter, extreme 57 environmental conditions result in areas of low vegetation coverage but allow the natural 58 development of the biocrust (30,31). 59 We formulated the hypothesis the increase of temperature and decrease of rainfall from a 60 semiarid to a hyper-arid system generate a change in the biocrust coverage. This may result in more 61 development of the biocrust in the semiarid systems and a decrease in coverage when the aridity of 62 the system increases. Together with changes in coverage, it is expected differences in the dominance 63 of the functional groups from the biocrust. The results are the dominance of mosses in the semiarid 6 110 2.3. Data analysis 111 The statistical independence of the data was tested and the normality of the data was verified 112 by the Kolmogorov-Smirnov test. The homoscedasticity was verified using the Levenne test. All 113 analysis was performed considering α =0.05. 114 A multivariate variance analysis (MANOVA) and a Tuckey test of means were used to detect 115 differences in the coverage of biocrust and among the main functional groups (mosses, lichens, and 116 cyanobacteria) in the wet and dry seasons for each system. Additionally, differences among the 117 systems were analyzed. 118 If data were no normally distributed a Kruskal-Wallis test was performed with a comparison 119 of pairs. Graphics were made with the software "SigmaPlot v.11" (SigmaPlot, 2008). The statistical 120 analysis was conducted using he program "Infostat v.16" (44). 121 3. Results
122
The three studied systems showed significant differences among them (H =61.92, p <0.0001). 123 The arid system had the highest biocrust coverage, followed by the hyper-arid and the semiarid 124 system, which presented the lowest coverage value. The cyanobacteria were the dominant functional 125 group in the hyper-arid system. On the other hand, lichens were dominant on the arid system, while 126 the semiarid system showed variations in the coverage percentage for the three analyzed groups. 127 Significant differences were found among the three systems for lichens (H =60.31, p <0.0001). The 128 hyper-arid, arid and semiarid systems showed significant differences among them, when considering 129 the presence of cyanobacteria (H =22.35, p <0.0001) and mosses (H =24.48, p <0.0001). The semiarid system showed the highest value of coverage for vascular plants (V) 51.3 ± 11.8 7 133 with the other two systems. The mean coverage value for the biocrust was higher during the dry 134 seasons with (D): 23.7 ± 7.7 %, compared with the wet seasons (W) with 18.6 ± 5.9 %. During the 135 2016 period, the dry season (D1) showed the highest value of coverage 24.3 ± 7.6 % and the wet 136 season (W1) the lowest one 18.23 ± 7.49 %. 137 Despite of these observed variations, no significant differences in the biocrust were found 138 between the two seasons ( Fig. 2A) . 139 The analysis of the dominance for each group resulted in a high mean coverage for the 140 cyanobacterias with 13.2 ± 7.1 %, follow by lichens with 4.9 ± 5.7 % and mosses with 2.8 ± 3.4 %. 141 According to the analysis of the dominant organisms in each system, the group of 142 cyanobacteria covers approximately 13.2 ± 7.1 % and this values was higher for all seasons compared 143 with the coverage of lichens with 4.9 ± 5.7 % and mosses with a coverage of 2.8 ± 3.4 %. Significant 144 differences were observed during the first dry season and wet season between cyanobacteria and 145 lichens, and cyanobacteria and mosses. Moreover, significant differences were found during the 146 second annual cycle between cyanobacteria and mosses, lichens and mosses, and cyanobacteria and 147 mosses with the following values: W2 (H (D1) =17.01, p <0.0002, H (W1) =18.55, p <0.0001, H 148 (D2) =10.26, p <0.0058, H (W2) =7.70 p <0.0211). On the other hand, lichens showed an increase in 149 their coverage for the second annual cycle concerning the mosses. 150 In spite of the variations of the dominant groups in the biocrust, significant differences were 151 found between seasons for lichens (D2 and W1, F = 3.32, p <0.0304) ( Fig. 2B ). The arid system showed the highest values of biocrust coverage (42.3 ± 14.2 %) from the 154 three studied systems, even when compared with the coverage values of vascular vegetation (36.6 ± 155 11.9 %). The average coverage of biocrust was higher in the dry seasons with 43.3 ± 17.8 % respect 156 to the wet seasons with 41.4 ± 14.5 %. However, no significant differences were found among 10 206 with low air temperatures that allow a longer up time in the biocrust and the chlorophyll can be 207 synthesized. It has been shown that the biomass of cyanobacteria decreases during summer and 208 increases in the late fall to early spring (48). Seasonal variations in biocrust coverage, with increases 209 during the dry season, have been found in this work (Fig. 3 ) and by Belnap et al. (45, 47) . 210 Despite the fact of the detected changes, the biocrust turned out to be stable. The difficulty in 211 detecting changes in the community on short time scales may be because some taxa in biocrust have 212 a small size, are cryptic and have slow growth rates (46). These changes reflect some differences in 213 the growth rate of each organism and its response to environmental factors. Cyanobacteria together 214 with other unicellular components can colonize a site and rapidly expand the coverage in biocrust 215 (49). Bryophyte coverage can increase faster in the absence of disturbance (50,51), and young mosses 216 can grow more rapidly than old mosses (52). Lichens, generally, have slow growth rates that can 217 decrease with age (53). Crustose lichens may invade shortly after disturbance (54) but may take a 218 long time to increase their coverage. This statement suggests that a longer time period is necessary to 219 identify changes in coverage and composition in communities of biocrust dominated by lichens and 220 bryophytes. 221 The biocrust average coverage of the soil was 21 % for the semiarid, 25 % for the hyper-arid 222 and above 40 % for the arid systems. In fact, data of the arid system, are coincident with that one's 223 reported by Belnap (49) , who indicated that the biocrust reach to cover between 40-70 % of the 224 surface in arid and semiarid zones at a global scale. The semiarid and hyper-arid systems (SH) 225 presented a low coverage. However, these values are similar with that one's reported by Castillo- 
